Introduction {#S0001}
============

Heart transplantation has been used for the last three decades as a method of treating extreme heart failure. Women constitute one third of heart transplant recipients; approximately 20% of them are in reproductive age \[[@CIT0001]\]. Pregnancy was contraindicated in women after heart transplantation during the 1990s; today, it is an increasingly common challenge for clinicians. Such pregnancy is always considered high-risk, as it is burdened with the risk of several typical complications \[[@CIT0002]\]. We present the case of a 30-year-old patient, who, having undergone a heart transplant due to hypertrophic cardiomyopathy, gave birth to two healthy children.

Case study {#S0002}
==========

The 30-year-old patient was admitted to the Clinic of Perinatology of the Medical University of Łódź in the 34^th^ week of a third pregnancy due to a risk of premature labor and weak fetal movement.

Hypertrophic cardiomyopathy with left ventricular outflow tract obstruction was diagnosed in the described patient as early as her first year of life. Taking the medical history of her family revealed that her mother and brother also suffered from hypertrophic cardiomyopathy; they, too, underwent heart transplantation. The initial symptoms were limited to reduced exercise tolerance and peripheral cyanosis. After many years of treatment with beta blockers and verapamil, during which she remained in NYHA functional class II, the patient\'s exercise capacity deteriorated between the age of 17 and 18, and she began to suffer from dyspnea at rest. The patient was included on the Poltransplant waiting list in 2002. A donor was found after a month, and a heart transplant procedure was conducted at the Silesian Center for Heart Diseases. Since that time, the patient has continued to receive immunosuppressive treatment; during the described (and the previous) pregnancy, it consisted in the administration of tacrolimus in monotherapy at the dose of 12 mg until the 31^st^ week of pregnancy.

The patient\'s gynecological history revealed that she had been monitored for 1.5 years due to a hyperechogenic lesion in her right uterine appendages. In 2005, the patient underwent laparotomy and excision of the monitored lesion (histopathological diagnosis: *cystis serosa ovarii dextrii*). Before the pregnancy, the patient had a contraceptive intrauterine device for a period of 1.5 years. The described pregnancy was her third. In 2008, in the 39^th^ week of pregnancy, she gave birth by Caesarean section to a son, weighing 3150 g, who was born in good general condition (Apgar score: 10). Performing a Caesarean section in this case had been suggested by the cardiologist after consultation with the obstetrician. In 2010, the patient\'s second pregnancy ended in a miscarriage during the 10^th^ week.

This was her third hospitalization during this pregnancy. Earlier, during the 16^th^ week, the gravida received conservative treatment at the hospital due to an obstetrical hemorrhage and a risk of miscarriage. In the 30^th^ week, the patient reported to the hospital due to premature contractions. Examinations were performed to confirm the well-being of the fetus (ultrasonography, cardiotocography); the gravida consulted a cardiac surgeon, and the next control fetal echocardiography was scheduled (the first examination, performed during the 22^nd^ week of pregnancy, showed no changes). In order to stimulate fetal lung growth, the patient received a course of steroids (two intramuscular 12 mg doses of betamethasone in an interval of 24 h), a hydroxyprogesterone preparation (administered intramuscularly), natural progesterone dosed at 2 x 100 mg (administered intravaginally), and magnesium supplementation with an oral preparation. Intravenous tocolytics were not employed, as the danger of premature labor receded quickly. The patient was discharged in good general condition in the 31^st^ week of pregnancy with the recommendation that she attend a follow-up examination at the Silesian Center for Heart Diseases in Zabrze. The follow-up examination, performed by a transplant specialist, revealed anemia and a rapid reduction of tacrolimus concentration in the blood. Two units of packed red blood cells were transfused, and the tacrolimus dose was increased to 20 mg per day.

The patient was again admitted to our clinic during the 34^th^ week of pregnancy. At admission, the patient was in good general condition; circulation and respiration was normal, and there was no fever; however, the patient complained of irregular uterine contractions and dysuric symptoms. The employed diagnostic tools revealed a urinary tract infection (culture tests revealed *S. epidermidis* resistant to methicillin with a titer of 10^5^), anemia (Hb 10.0 g/dl), thrombocytopenia (68 thousand/µl), and symptoms indicating tacrolimus overdose: hyperkalemia (K^+^ 6.2 mmol/l); further examinations demonstrated a deterioration of renal function parameters (urea 43.8 mg/dl, creatinine 1.7 mmol/l, minimal creatinine clearance rate 53.5 ml/min). Tacrolimus concentration was shown to exceed the norm -- 11 ng/ml. The dose was lowered to 15 ng/ml, and a therapeutic concentration was achieved. After hematological consultation, the diagnostic search was broadened: recent infections with parvovirus B19 and the HCV virus were excluded as causes of the hematologic disturbances; vitamin B~12~ was supplemented (initial value: 92 pmol/l, with the norm ranging from 156 to 672 pmol/l). Echocardiography of the transplanted heart showed atrial and ventricular function and structural parameters that were typical of a long-term, good outcome of heart transplantation. Fetal ultrasound performed during the 34^th^ week of pregnancy revealed signs of an intrauterine growth restriction; the monitored flow in the umbilical artery was normal. In the 37^th^ week of pregnancy, the patient went into labor and gave birth by Caesarean section. Her newborn son weighed 2670 g and was in good general condition, without signs of growth restriction; he was, however, treated for congenital pneumonia. Based on the wishes of the postpartum mother, who was informed of the theoretical risk for the newborn associated with his mother\'s tacrolimus treatment, lactation was not inhibited.

Discussion {#S0003}
==========

On average, 30 new female heart transplant recipients are registered every year in Poland. This report describes the case of a heart transplant recipient who gave birth to a second healthy child. Clinical practice with regard to pregnancy management in women after the transplantation of vital organs is mostly based on expert recommendations; there are no guidelines constructed on the basis of RCT studies due to the still small number of heart transplant recipients \[[@CIT0002]--[@CIT0005]\]. The considerations significant for obstetricians providing care to female heart transplant recipients include: providing reliable information concerning the influence of immunosuppressive treatment on the pregnancy, referring the patient at the appropriate time to a center performing prenatal diagnostics and fetal echocardiography, monitoring the patient with respect to pregnancy-induced hypertension, and cooperating with the attending cardiologist and transplant specialist in order to determine the optimal method of delivery \[[@CIT0006]--[@CIT0008]\]. During the 1990s, pregnancy was contraindicated for heart transplant recipients. The improvements in the cardiac surgical care provided to patients qualified for heart transplantation and during the postoperative period result in the improved well-being of women after the transplantation and their continued ability to procreate \[[@CIT0009]\].

Currently, even though it is still difficult to unequivocally pinpoint the safest moment for conception, patients with transplanted hearts give birth to healthy children both by natural vaginal delivery and by Caesarean section. A heart transplant procedure in the patient\'s medical history is not in itself an indication for delivery by Caesarean section \[[@CIT0010]\]. The described gravida was qualified for the first Caesarean section by the obstetric-cardiac team due to low height, high expected weight of the child, and the expected need for shortening the second stage of labor. Female heart transplant recipients desiring offspring must be informed of both the risks related to the influence of immunosuppressants on fetal development and the dangers associated with the high number of complications pertaining to the pregnancy and transplant \[[@CIT0005], [@CIT0011]\]. Such complications include arterial hypertension, pre-eclampsia, infections (especially viral), and intrauterine growth restriction \[[@CIT0003], [@CIT0004]\]. If, before the pregnancy, the function of the transplanted heart had been normal, the physiological hemodynamic changes related to the pregnancy are usually well tolerated. Unassisted discontinuation of immunosuppressive medication during pregnancy may lead to transplant rejection \[[@CIT0012]\]. Changes in the body\'s immune response associated with the pregnancy may result in the development of antibodies in the HLA system, whose presence may lead to the loss of the transplanted organ \[[@CIT0013]\].

Immunosuppressive agents must be administered during the pregnancy, even though most of them belong to category C in terms of their safety of use in pregnant women according to the Food and Drug Administration (FDA). The best known agents include glucocorticoids, azathioprine, ciclosporin, tacrolimus, and mycophenolate mofetil. After the use of tacrolimus, transient perinatal hyperkalemia and hyperglycemia have been observed \[[@CIT0014]\]. Treatment with azathioprine, tacrolimus, glucocorticoids, and ciclosporin is allowed in pregnant women \[[@CIT0015]--[@CIT0017]\]. One should remember to monitor the concentrations of ciclosporin and tacrolimus in the blood of the gravida -- the need for these agents during pregnancy rises, and various clinical situations, e.g. anemia or concurrent therapy with agents inhibiting the enzymes of hepatic cytochromes, may require adjustment of the dose. During the perinatal period, we monitored the concentrations of tacrolimus as often as every 2 days. Of particular note is the relationship between the hematocrit levels in blood morphology and the exposure to ciclosporin or tacrolimus, which are transported primarily by erythrocytes. In anemic conditions, achieving a therapeutic concentration of each of these agents requires large oral doses, but one should remember that transfusing red blood cells will result in a rapid elevation of agent concentration, which may cause acute kidney injury or even an onset of convulsions \[[@CIT0018]\].

In the case of tacrolimus or ciclosporin monotherapy, folic acid supplementation during the first trimester should be conducted in accordance with the generally accepted guidelines. Mycophenolate mofetil and sirolimus should be discontinued approximately 6 weeks before a planned pregnancy due to the risk of fatal congenital defects in the fetus \[[@CIT0019]\].

Breastfeeding is not recommended to women undergoing chronic immunosuppressive treatment \[[@CIT0020]\]. However, considering tacrolimus used in monotherapy, the concentration of the agent in milk is very low, and the newborn is exposed to approximately 0.5% of the tacrolimus concentration in the mother\'s blood \[[@CIT0021]\]. Unfortunately, the manufacturer\'s guidelines indicate that lactation should be inhibited in women receiving the agent; therefore, decisions concerning breastfeeding (as was the case with our patient) should be documented with an appropriate written consent form. The postpartum mother described in this article continues to breastfeed, and the neonate shows no signs of side effects.

The successful outcome of this case -- the birth of a second healthy child by a heart transplant recipient -- can be attributed to the involvement of an interdisciplinary team and numerous specialists as well as good cooperation with the patient.
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